LIMITATIONS OF THE TH ALLOCATED POINT KINETICS MODEL
IMPLEMENTATION FOR REACTIVITY ACCIDENTS ANALYSIS
O TPAHULIAX IPUMEHUMOCTHU MOJEJIU PACHPEJEJEHHOM
TOUYEYHON KUHETUKHU JJISI AHAJIM3A PEAKTUBHOCTHBIX ABAPUM.

(S. Krasnukha, South-Ukrainian NPP)

1. BBEJEHME (ABSTRACT)

Mopnens — Beceraa ymnpouieHue. BakHO MOHUMAaTh, UTO SIBJISIETCS CYIIECTBEHHBIM MPU MOJEIUPOBAHUH, A
YTO MOYKHO OTOpOCHUTH 0€3 MoTepH KauyecTBa aHaiu3a. Tema JaHHOro JOKJIajga KacaeTcs BOMpoca O
NPABHIBHOM TPHMEHEHHH MOJENH TOYCUHOH KHHETHKH (m0mo0HOH mpuMensemoii B RELAP-5') mpn
MOJICIMPOBAaHUM TIPOLIECCOB CBSI3aHHBIX C H3MEHEHHMEM pPEaKTHMBHOCTH, KOTOpPOE, B CBOIO O4YEpellb,
HEBO3MOXXHO 0€3 IIy0OKOTO TIOHMMaHHS OTPAaHMYCHHH MOJENHM W OICHKH WX BIIMSHUS Ha KOHEYHBIC
pe3yabTaThl aHanu3a. B ordere Takke MPUBOAMTCS aHAIU3 JOCTOBEPHOCTH KOHKPETHBIX pPACUETOB
CBSI3aHHBIX C U3MEHEHUEM peakTUBHOCTU. OCHOBHOM MaTepuas HM3JI0KEH Ha PYCCKOM S3bIKE, OJHAKO,
OCHOBHBIE BBIBOJIBI IO JOKJIAAY , a Takke (OPMYJIUPOBKM OTHOCAIIMECS K OTPAaHUYEHUSIM MOJAEIH
MepeBECHbI HA AHTJIMACKUH S3BIK.

Model - always simplification. It is important to understand, that is essential at a modeling, and that is
possible to discard without losses of quality of the analysis. The theme of this report concerns a problem
on exact application of the model of a point kinetics (applying in RELAP-5%) at the modeling of the
processes bound with change of a reactivity, which, in turn, is impossible without deep comprehension of
the model restrictions and estimation of their influence on eventual results of the analysis. The report, also,
deals with the authenticity analysis of specific calculations connected with the reactivity and power
distribution anomalies. The original material stated in Russian, however, statements concerning to
restrictions of the model, and main conclusions are translated into English.

: B [3,pa3zmen 7, nepBblii maparpad] ykazano, 4to “ DTa annpoKCHMAaIys aIeKBaTHA TOJIBKO JUIS CIy4aeB B KOTOPBIX IPOCTPAHCTBEHHOE PACIpe/IeiCHUE
0CTaeTCst MPHONH3UTENEHO OCTOSHHBIM™ — 9TO JOCTATOYHO TOYHO, HO He JOCTATOYHO ISl SICHOTO MOHMMAaHHS BHOCHMBIX MOTrPEIIHOCTEl

% In [3,sec.7, first paragraph] pointed “This approximation is adequate for cases in which the space distribution remains nearly constant”- this is accurately
enough, but not enough for clear understanding of the introduced errors
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2. IOCTAHOBKA 3AJAYU/FORMULATION OF A PROBLEM:

3agaya - MOJyYEHHUE HMHTErPATIBHOTO HU3MEHEHHS PEAKTMBHOCTA W IMHUKOBOTO 3HAYEHHS] MOIIHOCTH
peakTopa NpU PEAKTUBHOCTHBIX aBapuAX, CBSI3aHHBIX C JIOKAIbHBIM HW3MEHECHHEM XapaKTEPUCTHUK
AKTHUBHOM 30HEI.

I_ICJ'II) - B HaFHﬂHHO-ﬂeMOHCTpaTHBHOﬁ MaHE€pPE IOKa3aTb HEBO3MOXHOCTH KOPPEKTHOI'O HMCIIOJIB30BAaHUSA
MOACIHN pacnpez[eneHHoﬁ TOYEYHOM KHHETUKHM JJI1 OICHKM IIMKOBBIX 3HAQUCHUM JIOKAJIBLHOTO
pacnpeaciicHud MOIMHOCTH.

3. TNPUBJWXEHWUE TOYEYHOW KHHETUKHA C PACIIPEJEJIEHHBIMHU
TEPMOI'NAPABJIMMECKUMMU TAPAMETPAMUM/ APPROACH OF A POINT KINETICS
WITH ALLOCATED TH PARAMETERS

PacripenenenHast TodeyHas KUHETHKA XapaKTEPU3YETCS PACHpPEEICHHEM TEPMOTHIPABIMYECKUX
napaMeTpoB MO0 00bEMYy aKTHBHOW 30HBI C UCIIOJIB30BAHUEM JIJISl pacdyeTa OOPAaTHBIX CBSA3CH ITOCTOSTHHBIX
KOX(PPUITUEHTOB PEAKTUBHOCTHU

n_ 1630
MU3MEHEHUE PEaKTUBHOCTH aKTUBHOU 30HBI- DRO = z ZDROij , [1]
=l j=1

U3MEHEHNE MOIITHOCTH aKTUBHOU 30HBI- F = ZEj = ZATﬁ x D R%Tf [2]

rJie i- MOIIHOCTHOW, TeMIepaTypHbId H. T. A 3(PQEKThl PeaKTUBHOCTH, PACCUUTHIBAEMBIC CJICIYHOIIUM
obpazom

DROi = ATHi x PRO , rne DTHi— wW3MeHeHHe 1 TEepPMOTUAPABIMYECKOIO TIapamerpa
DTHi

(laBnenue, TemnepaTypa, IIOTHOCTb H. T. [1.);

DR%THI'_ KOA(Q(UIMEHT PpEaKTUBHOCTH MPHUHSATHIA TOCTOSHHBIM M IOJYYEHHBI 10 Teopuu

BO3MYIIIEHU B 00JaCTH JEHCTBUS KOHCTAHT JAJIsl KBa3UCTAllMOHAPHOM 3a7a4un)

AT}y - 3MeHeHHe TeMIepaTyphl TOIUIMBA B | 3JIEMEHTApHOM 00beMe aKTUBHOI 30HbI



J- pacdyeTHas 06macTh (“Touka’) B akTUBHOM 30HE(163x10)

4. OJHOCKOPOCTHOE HECTAIHHUMOAPHOE MHTET'PO-IU®PEPEHIIMAJIBHOE
YPABHEHHUE JJU®® Y3 HEUTPOHOB/ONE-VELOCITY NON STATIONARY
INTEGRO-DIFFERENTIAL EQUATION OF THE NEUTRON DIFFUSION

PaccmoTpuM K 4eMy NpUBOAUT NOJOOHOE MPUONIMKEHHWE HCIOJb3Yysl TEPMHHOJIOTUIO NMPHUHATYIO MAJIS
CTaHJAPTHOTO OJHOCKOPOCTHOT'O HECTAIIMOHAPHOTO MHTETpO-AupdhepeHInalbHOro YpaBHeHUs U dy3un
HEUTPOHOB.

CornacHO 3TOMYy YypaBHEHHIO H3MEHEHHE 4YHCIIa HEMPOHOB B 3JIEMEHTAPHOM O0bEME MPOUCXOAUT
BCJIC/ICTBUE WX TMOTJIOMICHUS, pacCestHUsI(YTEUKH) U 00pa3oBaHUSI(IEICHUS U TIEPEeTOKa HEUTPOHOB U3
COoceHUX 00bEMOB)

PaccMoTpuM KaxIblil 2JIEMEHT:

[ornomenue= f(Xa x N), riae N-4ucio saep NOoTrJIOMAI0MIETo JIEMEeHTa B eIMHIIIEe 00heMa

Paccessnue= f(Zs x N)+ f(Ztr), tne N-uucio siaep pacCeuBAIONIETO JJIEMEHTa B EAWHHIE O0bema |,
f(Ztr) — byHKIUS yTeYKU HEUTPOHOB U3 00beMa

O6pazoBanue= f(Xr =or x N) + f(Z0) , Tie N-uncio aensuuxcs siaep B equHuie oobema, Hampumep Ujss
, f(20)- byHKIHUS TEpeTOKa HERTPOHOB U3 COCETHHX STUEEK.

[IpocTass kKOMOWHAIMSA ATHX 3JIEMEHTOB OYAET XapaKTepPH30BaTh SHEPTHIO ] 00bEMa aKTHBHOM 30HBI 110
3aKOHY:

Ej:V XEn><F><Zf/(Za+Zs), [3]

I7I€ V-KOJMYECTBO HEUTPOHOB 00Pa3YIOMIMXCS B pe3yJIbTaTe OJHOTO JeICHUS, Ey- SHEPTUs BBIICISIOMAsCS
MIPU OJTHOM aKTe JEICHHUS, F- HCXOAHBIN MOTOK TETUIOBBIX HEUTPOHOB(T. €. HCTOYHHK).

Takum o00pa3oM TOKa3aHO, YTO SHEPrus B j TOYKE AKTHUBHOM 30HBI 3aBUCUT OT COOTHOILICHHS
MHUKPOCEUEHHUH JIeJeHUs, MOMIOMEHHUsI U PAacCesiHUsA, a TaKkKe KOJMYECTBAa COOTBETCTBYIOIIUX sJIEp B
eanHuIe 00beMa U IEPETOKOB HEUTPOHOB OT COCEAHUX STUECK.

Tenepp MOKa)xeM OT YEero 3aBUCAT ITH BEJIUYMHBI.
CoOOTHOIIIEHUSI CEYECHUI 3aBHCAT, TJIABHBIM 00pa3oM OT TEMIIEpaTyphl TEIUIOHOCUTENS U TOIUIMBA, a
KOJINYECTBO AJ€p B €MHMIIE 00BEMA OT INIOTHOCTHU (OIPEEsieMO B ClTyyae TEIUIOHOCUTENS BETMYNHAMU

JTaBJICHUS U TEMIIEPATYPBI).

Taxum 06pa3om, B 0011IeM BHJIE MOXKHO 3alMCaTh, YTO SHEPTHUS BBIIEIAIOMASCS B j 3JIEMEHTapHOM 00BbeMe
AKTUBHOW 30HBI



E;= f(Zy, Ny P), Tpusem oy = f(TH)), Ny = f(TH)), [4]
[TonHas 3HEPrUus aKTUBHOM 30HBI

E=) E [5]

rac

P; - yunThIBaeT NepeToku T. € TOT (aKT, 4TO HAJ0 YUUTHIBATH BIUAHUE NU(DY3un (IepeToka) HEHTPOHOB
U3 OJIHOM 00J1acTH B APYTYIO, MPOUCXOASIIEE COTIACHO ypaBHeHHIO 1udPy3un(3akony duka).

TH;- TepmoruapaBiuueckue napaMeTpbl B SIEMEHTAPHOM 00BEME J.
Olj — XapaKTepu3yeT BCce THUIIbI B3aMMOEICTBUII Ha Beex saapax oT 1 o k

Nij- XapakTepu3syer siepHble KOHLEHTPAIUX A7 BceX THIOB siaep oT 1 go k

5. PEKYPCHUSA/RECURSION

O‘-IeBI/I,Z[H(), qTo0 TepMOFI/II[paBJII/I‘-ICCKI/IC HapaMCprI 3aBUCAT OT 3H€pFI/II/I, BBIHCHHmmeﬁCH B
3J'ICMCHTapHOM 06’I)eMC aKTHBHOfI 30HbI U, COOTBETCTBCHHO, OT IINIOTHOCTH ITIOTOKa HeﬁTpOHOB B JaHHOM
o0BeEME.

Takum 00pa3oM moy4aeM pEeKypcui0 — HEUTPOHHO- (U3MYECKHE CBOWCTBA 3aBHCAT  OT
TEPMOTUAPABINYECKUX, KOTOPBIE, B CBOIO OYEPE/Ib, 3aBUCIT OT HEHTPOHHO - (PU3UYECKUX.

Ha mpakTtuke 5TO O3Ha4aeT, 4TO HEUTPOHHO-(PHU3MUECKUU KOJA MOHKEH HMETh THUOKYIO CTPYKTYpY
anmnpoKCUMallMi KOHCTAHT BO Bcel obnactu u3meHeHus TH mapameTpoB, a Takke JOJDKEH YyUUTHIBATbH
M3MEHEHUS TEPMOTHIPABINYECKUX CBOMCTB aKTUBHOM 30HBI B IEPEXOJHOM IIPOLIECCE.

C npyroil cTOpoHbI TEPMOTHAPABINYECKUN KO/ AOKEH YUUTBHIBATh U3MEHEHUE I0JI SHEPTOBbIIEICHUH,
KOTOPOE IMOJIy4EHO U3 HEUTPOHHO-(U3NIECKOTO KOJIa.

6. OI'PAHUYEHMS MOJIEJIA PACIIPEJEJEHHOM TOYEYHON KUHETUKH /
LIMITATIONS OF THE ALLOCATED POINT KINETICS MODEL

CpaBuuBas [2] ¢ [4] u [1] ¢ [5] MoxHO chopMynupoBaTh CIEAYIOUINE OTPAHUYCHHS B MPUMEHEHUU
MOJICNIN PaCTIPE/ICTICHHOW TOYEYHONW KHHETHUKM Ui aHaim3a peakTuBHOCTHBIX aBapuit/The following
limitations can be stated based on previous consideration:

1. Duepeusa InemeHmaprHoz0 00vema € NPUOIUNCCHUU PACHPEOESICHHOU MOYeUHOU KUHEMUKU He
yuumoléaem usMeHeHue HelmpoHHO- (PU3UYECKUX XAPAKMEPUCMUK 8 INOM 00beme, 3AMEeHAA UX



nOCMOAHHBIMU KOIPPuyuenmamu peakmuenocmu. Cnedosamenvro, onpeodesieHue U3MEHEHUs
PEaAKmusHOCmMU 6 KAKOM-TUOO0 NepexoOHOM npoyecce ¢ NOMOWLbI0 PACHPEOeeHHOU MOoO0eu
mMoYeuHoil KUHeMUKU 02PAHUYUBACMCA 00CMO8EPHOCHBIO KOIhuyuenmos peakmuenocmu.

The energy of a partial volume in approach of an allocated point kinetics does not take into account the
change of the neutron-physics characteristics in this volume, Instead of they are changed by stationary
values of reactivity coefficients. Therefore, the calculation of a reactivity changing in any transient is
restricted by reliability of these reactivity coefficients.

2. Ilpu  pe3Kux JIOKAIbHBIX UBMEHEHUAX 6 CEOIICMEAx aKMUGHOI 30HbI 00CHOBEPHOCHLL
annpoKcuMayuu J10KA1bHO20 U3MEHEHUA PEeaKmueHOCMU NOCHOAHHbIMU KO3(ppuyuenmamu
HEeKOppeKmHua, maKk Kak Heo0X00uMo y4umoléamsv G1UAHUE NEPEMOKO8 HEUMpPOHOE U3 O0OHOIL
obnacmu ¢ Opyzyi0, KOmopoe modxcem Oblimv 3HAYUMETLHBIM.

The approximation of local reactivity anomalies by this way (see above) will be incorrect if abrupt local
change of the core conditions occurs. Because it is necessary to take into account the nodal transfer of
neutron flux from one area to another, which might be significant.

3. B ciyuae eciiu U3IMEHenue peakmueHocmu 3ampazueaem 00CMAamo4YHo 60J1bmy10 obnacmep
aAKMmMueHoul 30Hbl, a4 eéeuduHa u CKopocmb 8800UMOIL peakmuenocmu 00CMAamMoO4YHO GeUKU
Heobxo0umo paccmampueamsb 603MOHCHOCHLb 06pa308auuﬂ JIOKAbHOIL Kpumuiunocmu, maK Kak
eéjiuiuHa cenepayuu Heﬁmponoe MoariHcem npesvbliCumb ee ymeuKy 6 coceonue oovemol.

In case of an introduced reactivity is abrupt & large and concern with large core region, it will be
necessary to take into account the possibility of a local criticality rise because neutron generation can
exceed their outflow.

7. AHAJIM3 JOCTOBEPHOCTH PACUETA PEAKTUBHOCTHBIX ABAPUI C
MMOMOIIBIO PACIIPEJEJEHHON TOYEYHON KWHE- TAKW/THE AUTHENTICITY
ANALYSIS OF A REACTIVITY ANOMALIES CALCULATIONS BY THE TH
ALLOCATED POINT KINETICS.

PaCCMOTpI/IM BJIMAHUC TIOJTYYCHHBIX Ol"paHI/I‘IGHI/If/'I Ha Ppe3yJbTaTbl aHalin3a JOBYX THUHIIHWYHBIX
PCAKTUBHOCTHLIX aBapuu € PE3KUM JIOKAJIbHBIM U3MCHCHUCM CBOMCTB aKTUBHOM 30HEI.

7.1 BbiOpoc oprana peryauposanusi/Contol rod ejection

JlanHast aBapusi XapakTepHU3yeTCs PEe3KHM JIOKaJbHbIM HM3MEHEHHUEM pPEaKTHMBHOCTU B MECTE BbIOpoca
KJ1acrepa.



HpI/I 9TOM HU3MCHAKOTCA I'NTaBHBIM O6p330M XAPaAKTCPUCTHUKHU TOIJIMBA.

To ecTh, NpUMEHSE KOHCEPBAaTHBHBIA IMOJAXOJ, COCTOSILIMNA B BBHIOOpE MHUHMMAJIBLHOTO KO3(PQUIMEHTa
PEaKTUBHOCTH TI0 TEMIIEpaType TOIUIMBA, U MAaKCHMaJIbHON BEJIMYMHBI PEAKTUBHOCTH BBIOPACHIBACMOTO
OP CVY3 (mosyueHHO# C yuyeToM mepepacrpeesieHus ot HeUTpoHOB, B3sATO U3 TOB Onoka 1) MoxHO
CUMTATh MOJYYCHHOE M3MEHEHHE PEaKTUBHOCTU M COOTBETCTBEHHO MHTETPAIBLHOW MOIIHOCTH peakTopa
JIOCTOBEPHBIM.

Opnako, He 3Hasg JEHUCTBUTEIIBHOTO paCHpEleNIeHUus IOTOKAa HEHTPOHOB HEBO3MOXKHO IOJIYYUTh
JIOCTOBEPHOE 3HAYEHHUE JIOKAJBHOW DSHTAIbIIMM TOIUIMBA HE BBINOJIHHUB OLEHKY IEpepacipeecHUs
IUIOTHOCTH TIOTOKAa HEHTPOHOB C y4YETOM HM3MEHEHHsS CBOWCTB Cpeasl B MecTe BbIOpoca W ddexra
[IEPETOKA HEUTPOHOB, BCIIEACTBUE NIOJy4YCHHOU aCUMMETPHH.

IIpumenenne Merononorun “Hot Spot” [2] mpeamonaraer, 4To 3TO IepepacnpeiesieHue , paBHO KaK U
BEJIMYMHA BHOCUMOW PpPEaKTHBHOCTH, M3BECTHO M3 COOTBETCTBYIOIIMX HEHTPOHHO-(DU3MUECKHUX KOJOB.
OpnnHako, NMpEeANnoNOkKEHUE O HEM3MEHHOCTH pa3MELICHHS MaKCHMyMa JSHEProBBIICICHHSA N0 U IOCIE
BbIOpOCa KlacTepa B 3TOM Clly4ae HEOIPABIAHHO U B JOCTATOYHOHM CTENEHU YCIOBHO (JIydlle U3MEHSThH
BECh NMPO(UIH SHEPTOBBIICICHUS ).

[To kpaifHeii Mepe, cieayeT MOHUMATh, UTO U3MeHeHHe peakTUBHOCTH 0.19% MpOUCXOAMT JOKAIBbHO U B
HaYaJIbHBIA MOMEHT BOBCE HE SKBHBAJICHTHO YBEJIUYCHHUIO MOITHOCTH aKTUBHOU 30HBI HAa 38% (cM Puc 1).
B nanpHeiimem, u3-3a qudQy3un HEUTPOHOB TOBBINIACTCS SHEPTOBBIICICHUE BO BCEX OCTAJIBHBIX TOYKAX
AKTUBHOHM 30HBI, KOTOPOE MPHUBOIUT K MHTErpanibHOMY 3(dekTy B pocte MomHocTH Ha 38%. OmHako
pacripenieiecHHas KHHETUKAa HHTEPIPETUPYET JIH000E JIOKAIBHOS M3MEHEHHE PEaKTHBHOCTH Kak oOIiee
WU3MEHEHUE PEAKTUBHOCTU BCEW aKTUBHOM 30HBI.

Control rod ejection

Fig. 1 Relative neutron power
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7.2 TloakarouyeHue paHee Hepadorawuei nerau/ Start-up of Inactive RCS Loop

JlanHast aBapusi XapakTepu3yeTcsi pe3KUM JIOKaJIbHBIM 3aX0JIaKUBaHUEM aKTHUBHOW 30HbI MPUOIU3UTENHHO
B 1/4 yacTn akTUBHOM 30HBI (CYUTAS YTO IMOTOK TEIJIOHOCHUTEIIS TIOJTHOCTHIO HETIEPEMEIIINBACTCS ).

MogenupoBaHue NAHHOW aBapuUU BBIIOJHEHO IIPU IIOJHOM IIEPEMELIMBAHUU, B pE3yJbTaTe Yero
3aXO0JIA)KUBaHUE TTPOUCXOINT B 3 pa3a MEHbIIE, HO 3aTO /I BCeil akTUBHOM 30HBI(CM. Puc 2). Cuuras, 4to
TEMIEPATyPHBIH KOIPPUIIMEHT PEaKTUBHOCTH ONPEICICH JTOCTaTOYHO KOHCEPBATUBHO, MOIYYHM
MHTETpallbHOe U3MEHEHUE PEaKTUBHOCTH, KOTOPOE OyJET AaKe HECKOIbKO OOJbIle 0XKHIaeMOro, T. K OHO
Oynet onpenensaTbes s B 4 paza 00bIIero o0beMa, HO MPHU 3aX0JTAKUBAaHUU B TPH pa3a MEHBIIIEM.

Start—up of inactive RCP loop

Fig. 2 Ceolant temperature in cold, hot legs and downcomer
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Taxkum O6p2130M, MOKHO CYHUTATb, 4YTO HHTCIrpajibHOC H3MCHCHHUC PCAKTHBHOCTH MW COOTBCTCTBCHHO
MOIITHOCTHU pE€aKTOpa OMPEACIICHO JOCTATOUYHO KOHCECPBATUBHO.

OpHaKo BCJICICTBHE €ro pa3Mas3blBaHHMs 1O AaKTHBHOH 30HE JIOKAJIBHOEC HW3MCHEHHUE MOIIHOCTH HE
OIPEICTICHO KOPPEKTHO.

Ecnu e pacripocTpaHuTh 0KM1a€MO€ 3aX0JIaKMBAHNE HA BCIO aKTHBHYIO 30HY, HHTETPAJIbHOE U3MEHEHHE
PEaKTUBHOCTU U, COOTBETCTBEHHO, MOIIIHOCTH PEaKTOpa OKaxeTcs B ~ 4 pa3a 00ibmKUM. To €CTh, €CIIU MBI
UMeNu U3MeHeHHe MouHocTH peakropa ¢ 70% 1o 99% 1. €.29%(cm  Puc 3), To ceifuac Mbl NOIyYUM
n3MeHeHue Ha 116%.



Start—up of inactive RCP loop
Fig. 3 Relative nentron reactor power
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[lpn TakOM W3MEHEHHH, €CIIM OHO MPOUCXOTUT AOCTATOYHO OBICTPO, HUYETO HE JOCTHTAETCS KpoMe
OYEBHIHOTO MOBPEXAEHHUS peakTopa. B mro0oM cimywuae 3T0 mpuOIMKeHHE HEBO3MOXKHO CBS3aTh C
JOKaJIbHBIM 3()(HEKTOM 3aX0TaKUBAHHUS.

Ecau IMPOAaHAIIU3UPOBATH (1)I/I3I/IKy rnponecca B CaMOM O6H.[CM BHUJC, TO MMOJIYYACTCA CJICAYIOLICC:

W3meneHue temneparypbl TEIJIOHOCUTENS B 1/4 4acTH aKTUBHOM 30HBI IPUBEJET K YMEHBIICHUIO CEUEHUI
IIOTJIOILEHUS U PACCESHHUS , YTO NPUBEIET K PE3KOMY YBEIIMUEHUIO I0TOKA HEUTPOHOB B pacCMaTpUBaeMOn
obnactu. T. e. 3TO paBHO3HAYHO BBEJCHUIO JONOJHUTEIBHOTO UCTOUYHHKA HEUTPOHOB, YTO, B MPUHIIMIIE,
MOKET BbI3BaTh BO3HUKHOBEHHUE JIOKAJbHOW KPUTUYHOCTH (B Cllydae €CIM JIOKaJbHas TIeHepauus
HEUTPOHOB OyJeT HpeBbIIATh UX yTEUKy). JpyruMu cioBamMu AaHHas 00JacTb CTAHOBUTCA COBCEM
JpYroi, OTAENIbHOM “aKTUBHOW 30HOM™ ¢ COBCEM MHBIMH XapaKTEPUCTUKAMHU.

Kaxk xe pacripegenurtcst Torma SHEProBBIACICHUE, €CIU MPEIoiaraTh, YTO JIOKaJbHAs KPUTUYHOCTH HE
JOCTUTHYTa U H3MEHEHHE MOIIHOCTH MO MPEXHEMY SKBUBAJIEHTHO 29% JOKanu30BaHHBIX B 1/4 yacTu
AKTUBHOW 30HBI?

O4eBHIHO, B 3TOM CiIyyae CJlelyeT OKUAATh pOCTa SHEPrOBBIICICHUS B CpeJHEM B 4 pa3a Oosbliero, T. €.
SHEPrOHAIPSKEHHOCTh TOIUIMBA B cpelHeM Bo3pacTeT B 2.16 paza. Ho 3To TOJBKO B CpelHEM U B
IMMPECAIIOJIO0KCHNH, YTO JIOKAJIbHAA KPUTUYHOCTHL HC JOCTHUIACTCA, YTO HE MOXKCT rapaHTUPOBATHCA.

Takum 00pa3oM,  OLEHKY NHUKOBOIO 3HAU€HHUS JIOKAIBHOIO PACHpEICNICHUs 3HEPTOBBbIICICHUS TpPU
HNOJKJIFOYEHUH NETIN HEBO3MOXKHO MOJIYYHUTh B IPUHIIMIIE, UCTIONb3Ys TOUEYHOE NPUOINKEHNE KUHETUKH
peakrTopa



7.3 HenpeanamepenHoe u3bjiaedernue rpynnsl OP CY3/ Uncontrolled Withdrawal of Control
Rods’ Group.

DTO npuMep 3aJja4u COBEPILIEHHO KOPPEKTHOM ISl pEeIIEHUs C TOMOIIbI0 TOYEUHOW KMHETUKU (UCTIONb3Ys
XapakTep U3MEHEHHS peaKTUBHOCTH MOTYUYSHHBIN M0 KBAa3UCTAIIMOHAPHOM 3ajaue) TaK Kak:

— H3MEHEHHE CBOMCTB aKTHMBHOI 30HBI MPOUCXOAUT COBCPIICHHO CUMMCTPUYIHO,

— TIPOILIECC MPOUCXOAUT JIOCTATOYHO MEIJICHHO, TOITOMY JteopMaIlHs MoJIsi HEUTPOHOB HE CYIECTBCHHA
(TIepeToKn HEHUTPOHOB HEBEIMKU M YCIIEBAIOT 3aBEPIIMTCS K HAYally CIEAYIONICTO Iara W3MEHCHHUs
PEaKTHBHOCTH);

- )IC(I)OpMaLII/ISI MOJIST SHEPTOBLIACICHUA HE CYIIECTBCHHA, TAK KaK aBaprIHaﬂ 3alimuTa Cpa6aTbIBaeT CIIc
A0 ITOJIHOI'O U3BJICYCHUA I'PYIIIBI JO BEPXHETO IMOJTOKCHUA.

— Or'paHUYCHUSA MOICIN MOTYT IICPCKPBIBATHCA UCIIOJIB30BAHNEM KOHCEPBATUBHOI'O IIOAX0AA.

Tem He MCHECC, NAXXE B 3TOM CJIy4dac, pCaJIbHbIC U3MCHCHHS ITUKOBbIX BHCPFOBBI,Z[GHGHHIZ HCU3BCCTHBI (XOTH
IIOHSATHO, YTO OHH HC3HAYUTCIIbHBI, BCIICICTBUC MaJIou CKOpPOCTH U BCIIMYUHBI HU3MCHCHU A peaKTI/IBHOCTI/I).

8. BBIBOJbI /CONCLUSIONS

BrIMoTHEHHBIN aHAIN3 TIOKA3bIBACT MPUYMHBI H3-32 KOTOPHIX HEBO3MOXHO OICHUTH JIOKAJIbHBIC dPPEKTHI
HCIIOJIB3YyS TOUCYHYIO MOACIIL KMHCTHKU C PACHPCACICHHBIMU TCPMOTUAPABINYCCKUMU HapaMeTpaMI/I/
The fulfilled analysis displays the reasons for which it is impossible to estimate the local effects using
point kinetics model with allocated TH parameters:

1. OcHosénvim ocpanuuenuem AGNAEMCA HEEO3MONCHOCHIL yUecmb NPOCHMPAHCMEEHHbIE NePemoKu
HellmpoH08, 603HUKAIOUUE NPU TIOKATbHOU Oehopmayuu ce0iicme aKMueHou 30Hbl.

The main limitation is impossibility to take into account the space transfer of the neutron flux, arising
at local deformation in the core conditions.

2. Ocpanuuenus, cea3anHHble ¢ NPUMEHEHUEM KOIPPuyuenmos peakmusHocmu, NOIYYEHHBIX 01
CMAUUOHAPHO20 COCMOAHUA 68 NPUHUUNE MO2ym Oblmb NPE00oNeHbl KOHCEPBAMUBHBIM 8blOOPOM
IMux KoIhuyuenmos npu ycioeuu uUmo JI0OKAAbHAA Oeopmayus  noaA  HeumpoHos
He3HauumenAbHA U HE MOMCem NPUOOUMb K CYULECMGEHHBLIM 3HAYEHUAM  HUKOBBIX
IHEP206blOeIeHUIL 6 MONJIUGe.

The reactivity coefficients limitations can be overcome in principal only if local deformation in the core
conditions is negligible i. e. can’t lead to the significant changes of the energy release in the fuel.

3. B cayuae 3nauumenvHuix 10Ka1bHBIX Oehopmayuii noasa Heumponos Ihghekm 603HUKHOBEHUA
JIOKANbHOU KPUMUYHOCIMU mpedyem CReUudnibHo20 PACCMOMPEHUA ¢ NPUMEHEHUEM NPOZPAMM,
UCRONIL3YIOWUX HE MOJIbKO MPEXMEPHYI0 KUHEMUKY, HO U 2UOKYI0 CUCMEM) ANRPOKCUMAWUU
KOHCMAHM U, 603MOMICHO, NEPEONPEOeNCHUA ZPAHUYHBIX YCA06UA Ol YACMU AKMUGHOIU 30HDbI.
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In case of considerable local deformations in neutron field the effect a local criticality rise requires the
special consideration with application of a codes using not only a three-dimensional kinetics, but also
flexible system of constant approximation and, probably, ovedetermination of the boundary conditions
for the part of core.

4. B cayue omcymcmeusa ozpanuuenuit no n.3 u npu HAATUYUU KOPPEKMHBLIX UCXOOHBIX OAHHBIX
OMHOCUMENbHO JIOKAIbHO20 U3MEHEHUA NOIA IHEP20BblOCNIeHUA U GeIUYUHbL  GHOCUMOIL
PeakmugHocmu, pacuem peaKmueHOCHHbLIX asapuili 603modxcen ¢ nomouwypto TH npocpamm
noooonvix RELAP-5, oonako mpedyem naonexcauie2o ROHUMAHUA RPUMEHAEMbBIX YRPOULEHUL.

In case of the limitations regarding to the item 3(above) is absent and if there is correct input data
concerning local change of a power profile and quantity of reactivity introduced into the core, the
calculation of reactivity accidents is possible by the TH codes like RELAP-5, however requires suitable
comprehension of applied simplifications.
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“AHanM3 MCXOAHBIX COOBITHM, CBSI3aHHBIX C M3MEHEHHEM pPEAKTUBHOCTU M pacHpereseHHs
sueprosoeienennii”’, No SUSA-531DL11R. DBA.
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